INTRODUCTION {#sec1-1}
============

Fiber-reinforced composite resin (FRCR) posts are routinely used in endodontically treated teeth with excessive loss of coronal structure.\[[@ref1][@ref2]\] In terms of its main functions, FRCR provides core retention and transfers loads to the root in order to protect the tooth against root fracture.\[[@ref3]\] FRCR does not corrode and its flexural modulus is closer to the dentin.\[[@ref4]\]

This prefabricated post was proposed to be cemented into the root canal, but several factors may affect its retention, such as adhesive and cement system, type of post and post space adaptation, dentin pretreatment, and operative procedures.\[[@ref1][@ref5]\] Therefore, it is essential to provide adequate adhesion among dentin, resin cement, and fiber post surfaces.\[[@ref6]\] However, the dentin--resin interface adhesion can be compromised by the degradation of the adhesive system components due to water absorption and/or by proteolytic degradation of the hybrid layer, which is related to metalloproteinase action,\[[@ref7][@ref8][@ref9]\] and by cysteine cathepsins.\[[@ref10][@ref11]\]

The polar solvents used in hydrophilic etch-and-rinse adhesives remove water and cause shrinkage of the collagen matrix.\[[@ref12]\] On the other hand, pretreatment of the water-saturated collagen matrix with ethanol achieves similar results but prevents phase separation of hydrophobic resin monomers such as bisphenol A glycidyl methacrylate (BisGMA).\[[@ref13]\] Therefore, wet-bonding with ethanol provides a condition for coaxing hydrophobic monomers into a demineralized collagen matrix without compromising any additional matrix shrinkage. Penetration of hydrophobic monomers into a collagen matrix decreases water solubility and enzyme-catalyzed hydrolytic cleavage of collagen, creating more durable resin bonds\[[@ref8][@ref14][@ref15][@ref16]\] and preserving the bond strength of FRCR cemented with resin cement for 12 months.\[[@ref5]\]

Another procedure that can increase the longevity of the resin--dentin bond strength is the application of matrix metalloproteinase (MMP) inhibitors to the demineralized collagen matrix prior to application to the dentin.\[[@ref9][@ref11]\] Chlorhexidine (CHX) has been applied to inhibit the activities of MMP-2, MMP-8, and MMP-9,\[[@ref17]\] and likewise used as a nonspecific MMP inhibitor during the adhesive application.\[[@ref9][@ref18][@ref19][@ref20][@ref21]\] CHX is effective for reducing degradation of resin--dentin bonds after *in vivo* aging\[[@ref19][@ref22][@ref23]\] and in preserving the bond strength of FRCR similar to the effects of ethanol.\[[@ref7]\]

The infiltration of hydrophobic resins facilitated by ethanol and the presence of MMP inhibitors within the hybrid layer would build the ideal interface and make it resistant to hydrolysis and enzymatic activities.\[[@ref13]\] The association of ethanol and/or CHX can be used to prevent a reduction in bond strength values when using FRCR cemented with resin cement.\[[@ref7]\] Studies\[[@ref24][@ref25][@ref26][@ref27][@ref28]\] with different protocols of root dentin pretreatment have been conducted. However, there are no studies that evaluate the effects of CHX diacetate associated with ethanol on the bond strength of FRCR in human dentin.

The purpose of this study was to investigate the effects of dentin pretreatment by CHX diacetate and ethanol, alone or mixed, on the bond strength of the FRCR cemented with resin cement, in different root thirds, (cervical, medial, and apical). The null hypothesis is that the different dentin pretreatment agents have no effect on retention of FRCR posts cemented with resin cement in radicular dentin.

MATERIALS AND METHODS {#sec1-2}
=====================

Fifty human canines freshly extracted for periodontal reasons with anatomically similar roots, radiographically tested, were selected. The teeth were initially stored in 0.1% thymol solution, at 4°C, and were cut at the cement-enamel junction with a diamond-coated saw (Isomet 2000; Buehler Ltd, Lake Bluff, IL, USA). The roots were adjusted to 16 mm in length and the working length was established 1 mm short of the apex. The root apices were sealed with composite resin (Z100 B2; 3M ESPE, St Paul, MN, USA).

All the root canals were instrumented using ProTaper rotary instruments (Dentsply Maillefer, Ballaigues, Switzerland), according to the manufacturer\'s recommendation. The master apical instrument was the ProTaper F5. Five milliliters of 2.5% sodium hypochlorite (Asfer, São Caetano do Sul, SP, Brazil) was used for irrigation between each instrumentation with a final rinse of 2 mL 17% ethylenediaminetetraacetic acid (EDTA) for 1 min, followed by 5 mL of 2.5% sodium hypochlorite. Each root canal was dried with paper points (Dentsply, York, PA, USA) and filled with the single-cone gutta-percha technique\[[@ref24]\] and AH Plus sealer (DeTrey Dentsply, York, PA, USA). The teeth were stored at 37° C and 100% humidity for 7 days to allow for the setting of the sealer.

All the root canals were enlarged with a \#2 Unicore Drill (Ultradent, South Jordan, UT, USA), using a low-hand piece, to a depth of 11 mm. During preparation of the canal, 4 mm of the endodontic filling was left at the apex of each canal. In sequence, all samples received a final rinse with 5 mL of distilled water and the excess was removed using paper points. The root canal dentin was prepared by etching the canal with 35% phosphoric acid solution (Ultra-Etch, Ultradent, South Jordan, UT, USA) for 20 s, rinsed with water, blotting the excess water with paper points, and then randomly divided into five groups according to the dentin pretreatment protocol used (*n* = 10), as follows. Group W (control): The roots were irrigated with 2 mL distilled water; Group 1C: The root canals were filled with 2 mL 1% CHX diacetate solution (Sigma-Aldrich, St Louis, MO, USA); Group 1CE: The root canals were filled with 2 mL CHX diacetate (Sigma-Aldrich, St Louis, MO, USA) mixed with 99% ethanol (Sigma-Aldrich, St Louis, MO, USA), in a proportion of 0.19 g/25 mL; Group E: The roots canals were filled with 2 mL 99% ethanol (Sigma-Aldrich, St Louis, MO, USA); and Group 2C: The root canals were filled with 2 mL 2% CHX digluconate solution (Concepsis, Ultradent, South Jordan, UT, USA). All solutions were maintained in the root canals for 60 s and dried with paper points.

An adhesive system (Peak Universal Bond, Ultradent, South Jordan, UT, USA) was applied to the root canal dentin according to the manufacturer\'s instructions and light-cured for 20 s using a halogen light-curing unit operated at in 1,000 mW/cm^2^ (TM Ortholux LED Curing Light, 3M ESPE, St Paul, MN, USA). The automix system dual-cured resin luting cement (PermaFlo DC, Ultradent, South Jordan, UT, USA) was injected into the prepared root canal according to the manufacturer\'s instructions. In sequence, the FRCR (Unicore Post, Ultradent, South Jordan, UT, USA), size 2, was cleaned with 99% ethanol for 30 s, and posts were cemented in the post space and kept under finger pressure for 30 s, and the excess was removed. The resin cement was light-cured for 60 s on each root surface, totaling a 4-min light-curing cycle, using the same unit previously described. All specimens were maintained in 100% humidity, for 24 h, at 37°C.

Each root was then cut horizontally to the longitudinal axis using a low-speed diamond-coated saw (Isomet 2000, Buehler Ltd, Lake Bluff, IL, USA) under water cooling. Three slices were prepared at a thickness of 2 mm in the coronal, middle, and apical third of each root, which were taken respectively 1 mm, 5 mm, and 8 mm from the cement--enamel junction. The push-out technique was performed by applying a load using an electromechanical testing machine (EMIC, DL2000, São José dos Pinhais, PR, Brasil), at 0.5 mm/min in the apex in the direction of the crown until the fiber postresin cement segment was dislodged from the root slice. A cylindrical plunger was used to dislodge with 1.3 mm, 0.9 mm, and 0.5 mm diameters to the coronal, medial, and apical thirds, respectively.

To obtain the push-out bond strength in megapascal (MPa), the ultimate load at failure recorded in newtons (N) was divided by the area (mm^2^) of the postdentin interface.\[[@ref6]\] To calculate the bonding area, the upper and lower diameters of each slice were measured at 20× magnification with a stereomicroscope (Leica Microsystems Wetzlar GmbH, Wetzlar, Germany) and the formula described by Sagsen *et al*.\[[@ref25]\] was applied. The dates were submitted to the Shapiro--Wilk test to verify the normal distribution. Thus, the mean and standard deviations of the push-out bond strength were calculated, and the data were analyzed using the one-way analysis of variance (ANOVA) and Tukey\'s tests (*P* = 0.05).

After the push-out test, the slices were examined with a stereomicroscope at 20× magnification (Leica Microsystems Wetzlar GmbH, Wetzlar, Germany) to determine the failure pattern as: (AD) adhesive, between the dentin and resin cement; (MI) mixed; (PA) partially adhesive, between the FRCR and resin cement; or (CO) cohesive, at the resin cement, as described by Perdigão *et al*.\[[@ref4]\]

RESULTS {#sec1-3}
=======

The mean and standard deviation of the push-out bond strength (in MPa) at the coronal, medial, and apical root thirds are presented in [Table 1](#T1){ref-type="table"}. There was a significant difference (*P* \< 0.05) among the groups. The groups in which dentin was pretreated with ethanol, alone or mixed with CHX diacetate, had significantly higher push-out bond strength values than the other groups, independently of the root thirds (*P* \< 0.05). Among the push-out bond strength values of the control group and dentin pretreated with 1% CHX diacetate solution or 2% CHX digluconate, there were no differences, independently of the root thirds (*P* \> 0.05).

###### 

Mean, standard deviation, and Tukey test of push-out bond strength, expressed in MPa in the different root thirds
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Failure classification at the different thirds of the root canal is presented in [Table 2](#T2){ref-type="table"}. For the dentin pretreatment with ethanol, alone or mixed with CHX diacetate, there was a higher incidence of mixed failure. There was a higher incidence of adhesive failure for the other groups.

###### 

Failure classification at cervical thirds of the root canal
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DISCUSSION {#sec1-4}
==========

The purpose of this study was to evaluate the effects of dentin pretreatment by CHX diacetate and ethanol, alone or mixed, on the bond strength of FRCR luted with resin cement. The null hypothesis was rejected because different pretreatment dentin agents increased the bond strength of FRCR posts cemented with resin cement in radicular dentin.

The higher push-out bond strength obtained for the ethanol groups can be attributed to the best adhesion in the interface dentin--adhesive system, as ethanol is used to replace water prior to bonding, avoiding the collapse of the collagen matrix in the ethanol-wet bonding technique. The ethanol application can shrink the diameter of the dentin collagen fibrils\[[@ref14]\] and consequently permit the infiltration of hydrophobic monomers to disperse into the demineralized dentin.\[[@ref15]\] With larger interfibrillar spaces there is better penetration of monomers, providing higher shear bond strength values.\[[@ref15][@ref16]\]

Cecchin *et al*.\[[@ref5][@ref7]\] showed that ethanol used as a pretreatment in the root dentin did not provide an immediate higher bond strength of FRCR relined with composite resin using a self-etching or total etching system. When compared with the present study, a possible explanation for the different results is that the relined FRCR used by those authors presented higher push-out bond strength values than the nonrelined posts. Another factor is that the resin cement used presented a different chemical composition, which also affected the ultimate push-out bond strength values.\[[@ref1][@ref3]\]

MMPs and cysteine cathepsins contribute to the degradation of collagen fibrils\[[@ref11]\] within incompletely resin-infiltrated hybrid layers, reducing the mechanical properties of the collagen matrix.\[[@ref13][@ref18]\] Thus, the use of MMP inhibitors prior to the application of dentin adhesives appears to be a rational step for extending the longevity of the hybrid layer.\[[@ref9][@ref11][@ref12]\] CHX applied to the demineralized dentin prior to the application of an adhesive system has been shown to be effective for reducing degradation of the resin--dentin bonds.\[[@ref20][@ref21][@ref23]\] However, the results of this study showed that CHX alone or with a diacetate or digluconate composition, used as a root dentin pretreatment, did not interfere with the immediate bond strength of FRCR luted with resinous cement. Despite the fact that CHX has effective MMP-inhibitory action,\[[@ref13][@ref19][@ref23]\] its action has only been shown in a long-term period evaluation.\[[@ref5]\] Therefore, it is possible that the short-term assessment and the time necessary for the root canal treatment may have influenced the results of the present study. This result is in accordance with previous studies\[[@ref5][@ref7]\] in which it was observed that the use of CHX did not immediately negatively affect the push-out bond strength in the FRCR bond cementation but showed that its principal use is to preserve the adhesive--dentin bond for 12 months.

The mixed failure was the predominant factor when ethanol was used as a dentin pretreatment, alone or mixed with CHX diacetate, showing better adhesion in the dentin--adhesive system interface. Therefore, the dentin pretreatment with ethanol is interesting in terms of providing better adhesion of the adhesive system to root dentin. However, the result obtained in this study was simulated in the laboratory setting. Further studies to evaluate the long-term adhesion using these pretreatments are still required.

CONCLUSION {#sec1-5}
==========

Root dentin pretreatment with ethanol, alone or mixed with CHX diacetate increased the bond strength values of FRCR cemented with resin cement, in comparison to the dentin pretreatment with distilled water, 2% CHX digluconate solution or 1% CHX diacetate solution, independently of the root thirds, when analyzed in the short term.
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